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INFLUENCE OF TEST PARAMETERS ON

FLOW VISUALIZATION PATTERNS
P

1.0.0 Nominal Nozzle Arrangement

1.1.0 No Wind Condition (Lab Runs)

1.1.1 Influence of Nozzle Size

The influence of nozzle size is dramatically illustrated in lab runs

A, B and C. It appears that increasing the size of the nozzle pro-

P vides better coverage of ogive and mid-region of the ET. It is inter-

esting to note, however, that for the bottom region of the ET cover-

age seems to decrease with nozzle size. This can be explained if

_ both the assymmetry of the lower set of nozzles and the blockage pro-

vided by the Orbiter aft-support structure are taken into account.

1.1.2 Influence of Nozzle Pressure

_P Runs A, D and G or B, E and H or C, F and I may be used to study noz-

zle pressure effects. They all seem to indicate that, as expected,

coverage improves with nozzle pressure. At 20 psia and with nominal

size nozzle, the low velocity region at the bottom half of the ET

seems to be large.

1.2.0 Wind Tunnel Runs

1.2.1 Reference Runs (13-14-17), NO JETS, 20 KT

Both 338° and 202° show significant velocities in the Orbiter-ET Gap.

The flow pattern at 202° is consistent with what would be generated

by impinging wind. The flow at 338° is consistent wi_h patterns that

would be generated in a wake type of flow. It appears that for both

wlnd directions the velocities around the ogive are also significant.

Run 17 (112°) shows some interesting results. It appears that most

I
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• of the tank is subjectto highwind velocities. However,the lower

t sectionof the Orbiter-ETGap seemsto be shieldedfrom thewind by

the wings of the Orbiter,resultingin a low velocityregion.

1.2.2 Wind VelocityEffectsat 112° (RunsI, 18, 19)

• | The runsat 20 and 30 KT ( I and 18) showadequateflow coverageof

the Orbiter-ETGap. For the 30 KT case the streamlinesseemto be hori-

zontalindicatingthat the incomingwind is dominant. The Orbiter

P streamlinepatternsare remarkablysimilarfor runs 19 and I (10 KT

and 20 KT). Such similarityis not presenton the ET surface. The

inclinedstreaklineson the upper sectionof the ET seem to indicate

' t thatthe flowfieldin that regionis dominatedby the jets. The lower

halfappearsnot to be subjectto high velocities.

1.2.3 WindVelocityEffectsat 202°(Runs2, 15, 16)

P Similarconclusionscan be derivedat thiswind angle. The combina-

tionof jets and wind appearsto createsignificantlyhigh velocities '

in the ET-OrbiterGap at 20 and 30 KT and lower velocitiesat 10 KT.

P These lowervelocitiesmay stillbe significantas can be inferred

from Run 2 where the ET ogive is subjectto velocitiesmuch higher

than the nominal20 KT and yet no oil flow patterncan be observed.

P 1.2.4 Wind VelocityEffectsat 338° (Runs3, 4, 5)

Velocitiesin the ET OrbiterGap seemto be high for all threewind

speeds. Itappearsthatwhile the velocityfield is dominatedby the i.i

jetsat 10 KT, it is the effectof the incomingwind that is domin-

ant a_ 20 and 30 KT. No significantjet inducedflow patternsare

discernableon the ET ogive for any of the 3 wind velocities.
I
7

P ].2.5 NozzlePressureEffectsat 20 KT and 338° (Runs3, 6, 7)
i

It appearsthat the flowfieldsgeneratedby the 32 psia (Run3)and

p 2

1984009177-004



27 psia (Run 7) jets are not very different. The most obvious dif-

ferences can be observed at the back of the ET and at the mid-region

of the ET-Orbiter Gap. On the other hand, the 20 psia run (Run 6)

seems to indicate that induced velocities are much lower and that

t the jets fail to penetrate the wind and reach the ET.

1.2.6 Nozzle Azimuth Effects at 20 KT and 338° (Runs 3, 8, 9)

The comparison of Runs 3, 8 and 9 shows the ability to modify nozzle

azimuth as a function of wind velocity is a very effective way of opti-

mizing the flowfield. An azimuth of-15° seems to lead to a signifi-

cantly improved flow field when compared to 0° or -30°. None of the

3 angles, however, seems to haw an influence on the ogive flowfield.P

1.2.7 Wind-Azimuth Interaction(Runs 9, 10)

Study of Runs 9 and 10 indicates that with a -30° azimuth setting at

p 32 psia nozzle pressure, the jets provide adequate coverage of the

ET-Orbiter Gap for both 20 and 30 KT winds. It seems, however, that

the ogive is not significantly covered specially at 30 KT.

p 1.2.8 Pressure Influence on Wind Penetration at 30 KT at 338° (Runs
10, 11 and 12)

It is interesting to note that despite the wide range of nozzle pres-

sures used in the three runs, the flowfields patterns are reilBrkably

similar, not only on the Orbiter surface but also at the ET-Orbiter

Gap. It appears that nozzle pressure effects can only be observed

through the appearance of a low velocity region close to the feed-

line on the mid-tank region and a decrease in the inclination of the

streamlines as nozzle pressure decreases. None of the nozzle pres-

sures seems to provide adequate coverage of the ogive. The flow vis-

ualization results strongly suggest that the wind dominates the flow-

field.

3
P
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2.0.0 Marshall Space Flight Center Configuration

A limited number of runs were made to study this configuration. Special
P

care should be taken when comparing the photographs of this group of

tests with those of the nominal configuration, as the oil mixture used

here was of a lower viscosity. The use of lower viscosity oil was ne-
P

eded to provide good quality flow patterns with the lower nozzle exit

velocities prescribed by the Marshall configuration.

2.1.0 No Wind Condition (Runs 44 and 47)
P

The differences between the flow fields generated by large (R 44) and

small (R 47) nozzles are not very significant as far as ET coverage is

concerned. In both cases the flow separates at the same location on the

ogive. Feedline coverage appears to be worse than that of the nominal

' arrangement.

2.2.0 Wind Velocity Effects at 338°, High Flow Rate (Runs 45 and 46)

The coverage of the ET-Orbiter gap seems to be good. Feedline coverage

seems better at 7 KT than at 20 KT (it appears that some flow crosses over

under the feedline). Ogive coverage is not good at 20 KT, it is better

at 7 KT. Recirculation eddies form ahead of the Orbiter nose (they could

clearly be seen while the tests were being conducted), and give a clear

indication of the extent of the coverage in the vertical direction.

3.0.0 Norman Engineering Configuration (Runs 48, 49, 50, 51, 52, and 53)

As in the case of the Marshall configuration, the Norman Engineering con-

figuration was studied using a mixture of lower viscosity than that used

in the Nominal configurationand this fact should be taken into account when

studying the photographs. The flow patterns generated by this configuration

are consistent with those generated by the Nominal configuration and no

significantdifferences can be found. It is important to note that, as in

the nominal arrangement, this configuration provides no Ogive coverage for a

,, 4

®
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20 KT wind.
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: LAB RUN: C
P

, CONFIGURATION:Nominal

. _IOZZLEPRESSURE:32 psia
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O_IGI_,I,",L F?:r-:E ;r.
P OF POOR Q'JALI--_ LAB RUN: E

• CONFIGURATION: Nominal

NOZZLEPRESSURE: 27
4

p .. _ NOZZLE SIZE: Large
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ORrGINAL F_CZ E_ LAB RUN: G
• OF POOR QUALITY

CONFIGURATION: Nominal

NOZZLEPRESSURE: 20

: f NOZZLESIZE: Nominal





P ORIGfNAL PAGE i_,
OF POOR QUALITY
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• OF pOOR QUALITY'
Rb_ NO, 1





II RUN NO. l

CONFIGURATION : Nominal

WIND VELOCITY : 20

L12 °
NOZZLE PRESSURE: 32

NOZZLE SIZE: Nominal

&ZDft_H ANGLE : 0
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CONFIGURATION : Nominal

WIND VELOCITY : 20

NOZZLE PP.ESSURE: 32
7

NOZZLE SIZE: Nominal

AZIMUTH ANGLE : 0

P

/

$

P

L

I

I
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CONFIGURATION: Nominal

1' WIND VELOCITY: 20NOZZLE PRESSURE: 32

---'_'v> NOZZLE SIZE: Nominal

AZIMlrrl_ANGLE: 0

P
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ORIGINALPAGE I_
OF POOR QUALITY

r "1

CONFIGURATION : Nominal

p • NOZZLE PRESSURB : 32

NOZZLE SIZE: Nominal
r,

• _, A.Z_11 ANGLE: 0

| ._ sP
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ORIGINAL FA_E ]_
OF POOR Q'JALIVV

p
CONFIGURATION : Nominal

WIND VELOCITY : 20

.- NOZZLE PRESSLq_E: 32

_- NOZZLE SIZE: Nominal

•_,_ AZIMUTHANGLE: 0
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ORIGINAL PA_ 'S

OF POOR QUALITY --.,,_._

l RUN

NO. 4

CONFIGURATION: Nominal

t WIND VELOCITY: 30

NOZZLE PRESSURE: 32

NOZZLE SIZE: Nominal

AZIMI21_ANGI,£: 0
t
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CONI_GURAT lot;: Nominal

'_'" WIND VELOCITY: I0

• NOZZLE PRESSURE: 32

,\', -, NOZZLE SIZE : Nominal

AZlMLrrd ANGLE : 0
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t CONFIGURATION: Nominal

,t WIND VELOCITY: 20

'_" NOZZLE PRESSURE: 20

• .i NOZZLE SIZE: Nominal
_,._

: _ / • AZIM'UTH ANGLE: 0

b

®
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_C CONlml GLrRA.TIO N : Nominal

t " WIND VELOClT_: 30

NOZZLE PRESSURE: 27

NOZZLE SIZE: Nominal

AZlMb'I'H ANGLE: -30
! C,,
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CONFIGURAT ION: Nomi,tal

WIND VELOCITY: 30

t _. NOZZLZPRF.SSUR.E:20

NOZZLE SIZE: Nominal

AZIMUTHANGLE: -30

g

1984009177-052





1984009177-054



®
.Imllll1F ,..,,.

1984009177-055





' CONFIGURATION: Nominal

• WIND VELOCITY: 20

r ,,_ NOZZLE _EESSURE: 0
NOZZLE SIZE: Nominal

_IMI_H ANGLE: /
/
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• _ ORIGINAL PGGE _,;
OF POOR QUALI'_'

, RUN"NO. t 5

IP

_ _
8

-- k._./ 202 °
i

, ¢
_ CONFIGUiIATION : Nominal

WIND VELOCITY: 30

t "'_,, NOZZLE PRESSURE: 32

NOZZLE SIZE: Nominal

6V 4"

;! _.'$._"" AZIMLFfH ANGLE: 0

, 1
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RUN'NO. t 5

" _ 202*

, #
J CONFIGURATION : Nominal

\

'WIND _ELOCITY: 30

p NOZZLE PRESSURE: 32

NOZZLE SIZE: Nominal

_ IML)TH ANGLE: 0
IL
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ORIGfNAL P.2.L'_;3'
OF POOR QUALI'I'Y

)

RUN"NO. 16

Y 202 °

J

" CONFIGURATION : Nominal

WIND VELOCITY: t0

NOZZLE PRESSU&E: 32

NOZZLE -q!ZE: Nomii_a1

AZ LMb_H ANGLE: 0
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CONFIGURATION : Nominal

_' WIND ,ELOCIYY : 20

j NOZZLE PRESSURE: 0

NOZZLE SIZE: Nominal

AZIMUTH ANGLE :
@
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'-_ CONFIGURATION : Nominal

WIND VELOCITY: 20

L

112' NOZZLE PRESSURE: 0

NOZZLE SIZE: Nominal

K_ RI]_I BO. 17 AZIMIri'H ANGLE: /
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ORIGINALPAG_'_,-.'L_
R_ NO, 18

" OF POOR QUALI;¥

. _ _ 112°

CONFIGURATION : Nominal

WIND VELOCITY: 30
J

NOZZLE PRESSURE: 32

i NOZZLE SIZE: Nominal

AZIMUTH ANGLE : 0

t
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ORIGINAL PP_,£;_::_:-._

OF POOR QUALITY

RL_ NO. 19

,, _ 112"

I

CONFIGUR/kTION: Nominal

WIND VELOCITY: I0

NOZZLE PRESSURE: 32

NOZZLE SIZE: Nominal

AZT._H ANGI_ : 0
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ORIGINAL "" ......
OF POOR QUALITY

*. f ,

,"[" " '2 I I t_ No.44
i

¢

' $ III , 7
'" CONFI_ION: Marshall
i_.

| "i WINDVELOCITY: 0
I '"
,<__ _, HIGH FLOWRATE .
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ORIGINAL PAGE ,_$
:. OF POOR QUALITY

=, ......

RUN
NO. 44



Y
I

CONFIGUR_ION : Marshall

WIND VELOCITY: 0

HIGH FLOWRATE

Ib
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CONFZGUE._TION: ,Marshall

WIleD VELOCI_'Y : 7
t

HIGH FLOWP,.ATE

I
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RUN

NO. 45

!

338" ___ _
P

i , - . "' _ kJ
T

0_ PC_2" _

CONFIGURATION: Marshall

WIND VELOCITY: 7

)
HICH FLOWRATE

p,
)

.°

@

.)

1984009177-083







)

CONFIGUI_ATION : Marshall

WIND VELOCITY : 20

i'{IGHFLOWRATE
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ORIGINAL _r"t° '__,;,,_,,.,_ RUN

¢ OF POOR QoA,._,'}_f NO.46

: 338°

CONF IGL"RATION : Marshall

WIND VELOCITY : 20

HIGH FLOWRATE
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* OF POOR Q,;AL[_"Y

: RUN
NO. 47

CONFIGURATION: Marshall

r WIND VELOCITY: 0

LOW FLOWRATE
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